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Abstract 
This study focuses on the design of a campus public space, located within the Faculty of Engineering, 
Chiang Mai University, Thailand. This area faces extreme temperatures, creating uncomfortable outdoor 
thermal conditions and hindering activities that are expected to support the learning and social cohesion 
needs of students. To create the best conditions in this space, three design alternatives such as adding a pond, 
large trees, or shrubs were considered, and the Physiologically Equivalent Temperature (PET) was used to 
calculate the outdoor thermal comfort index for each alternative. The alternatives were then compared to the 
base case. The PET can be calculated using the ENVI-met simulation software following the appropriate 
field data collection and calibration process. The results showed that adding large trees in the south-west area 
is the best design alternative. The PET for this alternative was 3.17 % lower than the base case. In addition, 
this design workflow is an effective working model for further outdoor public space designs to meet the 
constraints of effective sustainable development in any tropical campus area. 
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1. Introduction 
The development of a university's outdoor activity area is often in response to the learning and social needs of students, 
and its building is an important policy of Chiang Mai University, as it has a focus on creating an environment that is 
attractive and suitable to be used appropriately [1]. Outdoor public space development should be based on indicators that 
reflect the conditions for the actual use. Weather conditions that are not too hot or too cold will have a positive effect on the 
students who use the outdoor public space for studying as the conditions outside the building are comfortable [2-4]. Suitable 
outdoor thermal conditions for comfort are related to air temperature, relative humidity and wind speed that make the human 
body feel comfortable [5].  
From several research studies, there are a number of outdoor thermal comfort indicators. A commonly used indicator is 
the Physiologically Equivalent Temperature (PET) [6-8]. The PET is based on modeling the heat balance of the human body. 
The numerical values are based on the evaporation of moisture related to the heat and air mass, and it is the heat that can 
maintain the heat balance in humans. PET is also an indicator that can explain the thermal exchange between the body and 
the environment, and it is used for outdoor comfort analysis. The measured variables are air temperature, relative humidity, 
wind speed, average heat radiation value and the variables of the human natural state that tries to present them, so they are 
comparable to human feelings [6, 9]. 
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To develop an outdoor public space that it is more sustainable, this study focuses on outdoor thermal comfort 
improvement, as represented by the PET around the area within the boundary of the Lan Witsawa Ruamjai, which is the 
space for outdoor activities on the campus. The result is expected to identify the best alternative design for outdoor public 
space. The workflow from this study could be used as a framework for improving other campus outdoor public spaces to 
meet smart campus policy of universities in the future. 
The paper is structured in five sections: (1) introduction, (2) Physiologically Equivalent Temperature (PET), (3) 
research methodology, (4) results and discussion and (5) conclusions. 
2. Physiologically Equivalent Temperature (PET) 
There are several indices used to measure the outdoor thermal comfort level [7, 10], for example, Predicted Mean Vote 
(PMV), Effective Temperature (ET), Perceived Temperature (PT), Physiological Equivalent Temperature (PET) and 
Universal Thermal Climate Index (UTCI). According to the research conducted by Johansson [11] and Klaylee [12], PET is 
the most suitable indicator for assessing the outdoor thermal comfort. PET can be calculated by a computer program, which 
represents a realistic state from an airflow simulation program. The most effective simulation software is ENVI-met V 4.4 
[9]. PET is affected by four environmental factors as follows:  
2.1.   Air temperature 
Air Temperature is a fundamental factor in climate studies, which always changes over time and varies by season. The 
comfortable temperature for humans outside a building in Greece, according to a study by Matzarakis et al. [13], was found 
to be between 18-23 ºC, with relative humidity and air velocity at optimal conditions. However, Srivanit & Auttarat [14] 
conducted a study in Chiang Mai Province, and concluded that the average outdoor comfortable condition was 23.0 – 31.0 
o
C, which is related to the local conditions of the area in this study.  
2.2.   Relative humidity 
Relative Humidity is the ratio of the amount of water vapor in the air at that time compared to the amount of water 
vapor that the air can accept. The relative humidity in Thailand, which is located in the tropical climate zone, during the 
summer is up to 90%, while in the winter it may drop below 40%, which is approximately 60-70% on average. However, if 
the relative humidity level is too high, it can make human sweat more result in difficult evaporation, and causes them to feel 
hot and uncomfortable. While a too low relative humidity will irritate the skin [12]. 
2.3.   Air velocity 
Air velocity is a factor that affects the heat transfer of the body. An uncomfortable situation may be caused by 
convection when the wind speed increases, and humans will feel colder than the actual temperature. Due to the higher 
cooling rate from the body surface, humans feel 0.4 
o
C cooler than the actual air temperature when the wind speed increases 
by 1 km/hr. Humans may feel especially cold if the wind speed is too high and the temperature is too low. On the other hand, 
if the weather is hot and the air velocity is low, the air will not take the heat out of the body, and this causes humans to feel 
hot and uncomfortable. The wind speed will vary depending on the physical environment and location [9]. It was found that 
humans feel comfortable with an air velocity of 0.25-0.50 m/s [15].  
2.4.   Solar radiation 
Solar radiation is the electromagnetic waves emitted from the sun. People often call it sunlight, but the electromagnetic 
waves are not the only light as there are also other rays [16]. However, the radiation from the sun varies by specific place. 
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International studies often use a specific city or country to measure the solar radiation when calculating the outdoor thermal 
comfort. A survey was conducted, and it showed that the average solar radiation value for Thailand was 219.9 W/m
2
 [17]. 
Furthermore, this study has found 4 factors that are not direct design elements but are consequences of the design and 
selection of open space. For example, increasing the number of trees or buildings can reduce the temperature of the area. In 
addition, from the literature review [18-19], there are experiments on modifying the area by changing the surface and green 
components, such as replacing the land surface with a waterscape. This will increase the water surface area, which affects the 
temperature and humidity of the surrounding area [19]. Increasing the number of trees of various sizes can also decrease the 
temperature. A tree of any shape and size will affect the shading, wind speed, and solar radiation, resulting in a lower PET 
value and increasing outdoor thermal comfort in the area, especially in tropical areas such as Chiang Mai, Thailand [20]. 
These factors can be used when planning and creating outdoor public space design alternatives as well as for determining 
PET, as per the purpose of this research [21]. 
3. Research Methodology 
The research methodology includes two parts: the first part is selecting a study area and defining the base case and 
setting the alternative cases model. The second part is the process of the model simulation and analysis. 
3.1.   Selecting study area and models setting 
The study area is named Lan Witsawa Ruamjai, an open public space, located in the Faculty of Engineering, Chiang 
Mai University, Chiang Mai, Thailand. It is a space that students can use for relaxation or activities in the university. This 
research defines the boundary of the study area using aerial images from Google Earth at the latitude and longitude of 
18.7942153, 98.9512263, respectively (Fig. 1). 
  
Fig. 1 Aerial view of Lan Witsawa Ruamjai, Chiang Mai University 
  
Fig. 2 2D model of study area presented in ENVI-met version 4.4 
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The total area of the space is 3,023.0 m², including 1,114.4 m
2
 of hardscape and 1,908.6 m² of softscape, which consists 
of shrubs and trees. In a radius of 50 m, the area is surrounded by buildings with 1- 6 floors, asphalt concrete road, ditch, 
green spaces and big trees as shown in Fig. 2.   
According to the design guideline in the TREES-NC standard in Section 2: site and landscape, the PET value depends on 
the land surface type, number, and location of trees and shrubs [22]. After determining the existing physical characteristics 
of the base case, the design alternatives will be developed following the TREES – NC standard with three options of adding 
a pond as a water surface area and adding large trees and shrubs, specifically in the south-west of the study area. The details 
of the three alternative designs are shown in Table 1 and presented as follows:  
Alternative 1: Replacing the surface of the space with a 2 m deep pond. The pond would be semi-natural, with a small water 
treatment system. The pond would increase the relative humidity and also absorbs solar radiation to reduce the 
PET.  
Alternative 2: Plant  cork trees, shading, broad and dense foliage over an area of 10 m with perennial trees in the south-west 
of the study area. These trees will provide shade during daytime, especially in the afternoon when the 
temperature is at its peak. The large trees will also be able to block radiation from the sun. 
Alternative 3: Medium sized shrubs planted around the study area in the south-west. It may add a little shade to the study 
area and can provide some degree of protection against solar radiation.  
Table 1 Details of design alternatives 
Design Alternative Design Type Details 
Base case Concrete pavement Light gray color 
Alternative 1 Pond 2 m depth 
Alternative 2 Large trees 
Diameter of shading area >10 m 
Two large trees of native plant (cork tree) 
South – West* 
Alternative 3 Shrubs 
Diameter of shading area <5 m 
Medium sized shrubs (banyan tree) 
South – West* 
* According to the Srivanit & Hokao [20] explained that Chiang Mai, Thailand is 
located at longitude 18.7942153 oN, therefore the Sun direction will lay on the south 
side of the area for most of the year, and the Sun will raise the air temperature during 
the afternoon time on the west direction for the whole year, then the most efficient 
thermal protection concerned must be focused on the south-west direction for this study 
area.   
3.2.   Model simulation processes 
The measured meteorological data includes the air temperature, relative humidity, wind speed and solar radiation, as 
these are the main factors that are directly related to the daily climate. This research was to determine the average daily 
temperature over the five years 2015-2019 to identify the days with the highest average temperature during the year. The 
data is from a weather monitoring station of the Meteorological Department, the Northern Meteorological Center. The 
monitoring station, located in Suthep Subdistrict, Mueang Chiang Mai District, Chiang Mai, is the closest weather 
monitoring station to the study area, approximately 2.35 kilometers from the site. The highest average five-year (2015-2019) 
temperature was on April 13, this day will be used in this study. 
The field data was obtained from a LUTRON WBGT-2010SD instrument to measure the air temperature, relative 
humidity, mean radiant temperature, and were calculated using a diameter globe thermometer at 75 mm. The wind velocity 
was measured using a hot-wire anemometer that was recorded in the TESTO 435-2 data logger and used to calculate the 
mean radiant temperature (Tmrt) according to Eq. (1). 
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where Tg is the globe temperature (°C), Va is the wind speed (m/s), Ta is the air temperature (°C), D is the globe thermometer 
diameter (m) and ε is the globe emissivity (ε = 0.95). The air temperature, relative humidity and wind speed were collected 
from 07:00-18:00. on April 13
th
, 2020, by the LUTRON WBGT-2010SD for the data calibration process.  
After collecting the weather data, the model calibration process was started by comparing the Tmrt between the computer 
simulation and the field results. The ENVI-met simulation program was used for calibration, and the results of the field 
calibration and the five-year average dataset of the Meteorological Department were compared. By comparing the similarity 
of the data set with the root mean square error (RMSE) and Willmott's index of agreement (d), the RMSE and d result must 
be within the acceptable range of 0.66-7.98 and 0.53-0.95, respectively [23]. If they are not in the range, a trial-and-error 
process must be applied until the RMSE and d values are within the acceptable range. After three rounds of calibration, 
RMSE = 1.94 and d = 0.75 were within the acceptable range. The four models in this study, base case and three alternative 
cases, are presented in Fig. 3. The PET simulation results of each model will be presented in the next section. 
  
(a) Base case (b) Alternative 1 
  
(c) Alternative 2 (d) Alternative 3 
Fig. 3 Models showing approach for outdoor area design by ENVI-met version 4.4 program 
4. Results and Discussion 
Table 2 Average PET during period 07:00-18:00 of base case and different design options. 
Time Base case 








07:00 23.96 23.95 -0.05 23.95 -0.05 23.95 -0.05 
08:00 28.85 28.79 -0.21 28.74 -0.38 28.82 -0.10 
09:00 37.42 37.26 -0.43 37.12 -0.82 37.38 -0.10 
10:00 43.29 43.06 -0.53 42.86 -0.99 43.23 -0.14 
11:00 45.58 45.29 -0.63 45.06 -1.12 45.51 -0.15 
12:00 46.46 46.13 -0.71 45.76 -1.51 46.36 -0.21 
13:00 48.36 48.26 -0.20 47.80 -1.15 48.32 -0.08 
14:00 49.13 49.08 -0.10 48.37 -1.54 49.10 -0.06 
15:00 49.45 49.41 -0.08 48.12 -2.68 49.43 -0.04 
16:00 49.31 49.27 -0.08 45.82 -7.62 49.30 -0.03 
17:00 48.33 48.27 -0.12 40.91 -18.13 48.32 -0.02 
18:00 36.91 36.79 -0.32 36.45 -1.25 36.74 -0.47 
Average 42.25 42.13 -0.29 40.91 -3.17 42.21 -0.12 
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The results of the climate data, temperature, and PET from the simulation in the ENVI-met version 4.4 program on the 
hottest day in Thailand, April 13 during the period 07:00-18:00, measured at 1.40 meters above the ground, are present in 
Table 2.  
In Table 2, the highest PET value predicted on the site was under Alternative 3 as the wind was blocked by a long line 
of trees. The most effective option that gives the lowest PET value is Alternative 2, as the trees do not block the wind and 
give significant shade that blocks the radiation from the sun. The simulation results during the afternoon peak temperature 
period 13:00-16:00 are shown in Figs. 4-8. 
 
Fig. 4 Air Temperature at 1.4 m during 13:00-16:00, April 13, 2020 
 
Fig. 5 Specific Humidity at 1.4 m during 13:00-16:00, April 13, 2020 
It can be concluded that the hour with the highest PET value for all alternative cases is between 14:00-15:00. According 
to Srivanit & Auttarat [14], during this period, the heat accumulated from radiation throughout the day and the rays from the 
sun causes a high temperature. In addition, the researchers compared the PET values with the base case and the average 
values obtained in each alternative, and it was found that the difference in the PET during the day compared to the base case 
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for Alternative 2 had the greatest difference from the base case at 1.33 
o
C and the least difference from the base case of 0.05 
degrees as shown in Table 2, especially during the period 16:00-17:00. The average value of the PET for all periods of the 
base case and Alternatives 1-3 are shown in Table 3. 
 
Fig. 6 Wind Speed at 1.4 m during 13:00-16:00, April 13, 2020 
 
Fig. 7 Mean radian temperature at 1.4 m during 13:00-16:00, April 13, 2020 
From Table 3, it can be concluded that Alternative 2 is the best alternative to improve the outdoor thermal comfort for 
this area, as adding larger trees to the model has a large effect on the PET value. This is consistent with the studies of Gatto 
et al. [24] and Cheung and Jim [25], which clearly show the benefits of large trees compared to other cases. 
Table 3 Average PET values during day 
Time 6.00-18.00 Base case Alternative 1 Alternative 2 Alternative 3 
Average PET 42.25 42.13 40.91 42.21 
Different PET from base case (
o
C)  -0.12 -1.33 -0.04 
Different PET from base case (%)  -0.29 -3.17 -0.09 
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Fig. 8 PET at 1.4 m during 13:00-16:00, April 13, 2020 
5. Conclusions 
This study aims to present an appropriate alternative for improving outdoor public spaces in universities. The study area, 
named Lan Witsawa Ruamjai, was an open public space, located in the Faculty of Engineering, Chiang Mai University, 
Chiang Mai, Thailand. It is a space where students can relax or perform activities in the university area. To measure the 
effects of the design alternatives, PET was the index used to choose the best outdoor thermal comfort design. From the 
results of the three alternative cases, it was found that the option that uses large trees in the south-west locations of the area 
had the highest PET reduction, compared with the other cases. The results of the study further support the idea of the 
benefits of large trees for human habitation in urban areas. This is consistent with previous research. 
In addition, to select the most suitable option by using the simulation process in a quantitative technique. This can give 
a clear understanding to compare and reduce conflicts when choosing a complicated design alternative. It can be used as an 
example of a design process for new construction and renovation work in other types of construction project to find a 
balance for sustainable development that can be effective in the future. 
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